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Abstract 

Varicella is highly contagious disease that spreads by airborne route from person-to-person. Varicella-zoster virus vaccination 
has been proven to be successfully declining the morbidity and mortality associated with varicella. However, many cases of 
varicella have been reported in vaccinated as well as unvaccinated individuals who had history of contact with individuals with 
either herpes zoster (HZ) or varicella. Surveillance was done during January 2011 to July 2014 in dermatological clinic at 
Shanghai Tenth People’s Hospital, Shanghai, China and the collected data were analyzed. In this study, analysis of varicella 
vaccination status and history of contact with individuals with either herpes zoster or varicella in 994 varicella patients was done. 
Subjects were classified into two groups based on the history of exposure. The risk differences of varicella on exposure to herpes 
zoster and varicella patients; and role of varicella vaccination in decreasing that difference were evaluated. Nine hundred and 
nighty four individuals were identified with varicella diagnosis. Of these 994, history of contact with Varicella-Zoster Virus 
(VZV) infected individuals was unknown in 67 subjects. Of the remaining 927 subjects, 264 (28.48%) had history of exposure to 
individuals with HZ infections among which 61 (6.58%) were vaccinated and 203 (21.9%) were unvaccinated. The remaining 
663 (71.52%) had history of exposure to individuals with varicella infections among which 65 (7%) were vaccinated and 598 
(64.52%) were unvaccinated. Varicella-Zoster Virus (VZV) transmission from individuals with herpes zoster as well as varicella 
contributes to varicella morbidity. Transmission from varicella group is remarkably higher compared with herpes zoster group. 
The high incidence of VZV transmission from varicella infected individuals can be due to high infectivity of varicella, age of 
transmitting group, the immunization status and age of transmitted individuals. 
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Introduction 


manifested as cutaneous disease occurring in >1 


Var icella-zoster a human a- 


herpes virus 


virus (VZV) is 


that causes two diseases: dermatomes. It is commonly seen in adults [5, 6]. 


varicella 


(chickenpox) and herpes zoster (shingles). Varicella 
is mild, self-limiting and highly contagious disease 
that is common in children and young adults. It is 
transmitted by airborne route from person-to-person 
[1, 2]. The virus spreads easily from people with 
varicella to others who have never had the disease or 
vaccine and even to the vaccinated individuals. It can 
spread from breathing in the air contaminated with 
sneezing or coughing of infected person or through 
direct contact with virus particles that come from 
varicella blisters. A person with varicella is infectious 
from 1 to 2 days before the appearance of rash until 
all the varicella blisters have formed crusts [3, 4]. 
After varicella infection, the virus remains dormant 
in sensory dorsal root ganglia. Reactivation of this 
latent VZV results in herpes zoster (HZ) and is 


Herpes zoster cannot be transmitted from one person 
to another. However, a person with active herpes 
zoster can transmit the varicella-zoster virus through 
direct contact with fluid from the rash blisters (when 
the rash is in the blister-phase) [7]. In such cases, the 
person exposed to the virus might develop varicella, 
but they would not develop herpes zoster. A person 
with herpes zoster is infectious after the appearance 
of blisters and before the development of crusts on 
rashes. Herpes zoster is less contagious than varicella 
and the risk of a person with herpes zoster 
transmitting the virus is low if the rash is covered [8]. 
It takes 10 to 21 days exposure to a person with 
varicella or herpes zoster for someone to develop 
varicella. 
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For about last two decades, universal live attenuated 
varicella vaccination has been implemented in many 
areas around the globe and this coverage has resulted 
in a significant reduction of morbidity and mortality 
attributable to varicella [9, 10]. The varicella vaccine 
was first developed in Japan by Takahashi in 1974 
[11]. Varicella vaccination is recommended for all 
children between 12 and 15 months of age followed 
by a second dose at age four to six years. Two doses 
of varicella vaccine is recommended for all healthy 
persons aged >13 years and should be given four to 
eight weeks apart. A one-dose varicella vaccine was 
licensed in America in 1996 which was modified to a 
two-dose scheduled immunization in 2006 [12]. 
Though varicella vaccination has been implemented 
in China since 1998, it is not included in routine 
national or provincial immunization program. It is 
available in private sectors as a single- as well as a 
double-dose vaccine [13]. However, a high varicella 
vaccination coverage has been reported in some 
metropolitan cities such as Beijing, Shanghai and 
Guangzhou after local government approved the use 
of the varicella vaccine. The immune persistence of 
varicella vaccine is good. A study on persistence of 
immunity to live attenuated varicella vaccine in 
healthy adults by Ampofo et al. suggested that the 
prevalence and severity of the breakthrough in 21 
years, 
significantly decreased 


which began in 1979, have not been 
[14]. 
Increased vaccination of children has successfully 
lowered the overall burden of disease. Despite it, a 


after vaccination 


higher proportion of reported cases can be seen 
among older children and adults who may have never 
had varicella or immunized at a younger age and thus 
be more vulnerable to the disease [15]. A person 
vaccinated for varicella can get the disease as well as 
can spread it to others. Varicella in vaccinated 
individuals (i.e., breakthrough cases) is generally 
milder, often with fewer than 50 skin lesions and 
fewer vesicles compared with moderate-to-severe 
varicella with 300 or more skin lesions and many 
vesicles which is typically seen in unvaccinated 
individuals. Persons with breakthrough cases have no 
or low-grade fever with fewer days of illness and 
[16]. 


have no complications For most people, 


recovery from varicella provides lifelong immunity. 
However, in some cases, varicella can recur more 
than once, although this is not common [1]. Post- 
licensure studies showed that 2 doses of varicella 
vaccine can prevent 80 to 85% of any varicella 
diseases and 95% of severe diseases. Therefore, in 
about 15 to 20% of healthy vaccinated children, there 
is chance of breakthrough varicella. However, it is 
not known how long a vaccinated person remains 
immune to varicella [2, 17]. 


Despite high varicella vaccine coverage, varicella 
outbreaks in Shanghai have been increasing with 
escalation in the breakthrough cases. Breakthrough 
cases may spread the disease quickly due to the 
atypical clinical symptoms. These cases might be 
caused by wild virus infection due to the vaccination 
failure or immunization fading instead of potential 
vaccine strain. Several analytical studies were carried 
on epidemiology of varicella outbreaks in different 
districts of Shanghai. In an analytical study, Du Yan 
et al. [18] reported a total of 9968 varicella cases in 
Minhang district of Shanghai from 2008 to 2012 
including a total of 124 local varicella outbreaks with 
1225 cases. Breakthrough cases showed an uprising 
trend with the incidence of 21.47% in 2008 and 
46.85% in 2012. The study revealed that peak 
seasons for varicella were March to May and October 
to December in both vaccinated and unvaccinated 
individuals and the period between 
vaccination and disease onset was found to be 


interval 


decreasing with time. In another study, a total of 902 
cases in 112 varicella outbreaks were reported from 
2005 to 2010 in Zhabei district of Shanghai [19]. In a 
study by Huang Jin et al., the incidence rate of 
varicella increased from 5.58% in 2005 to 8.58% in 
2006 in local residents over 20 years old in Zhabei 
district of Shanghai among which a total 8.27% of 
the cases had been vaccinated before. There was 
decline in age of the highest incidence rate which was 
7-9 years age-group in 2005 and 4-6 years age-group 
in 2006 with seasonal peaks of varicella during 
winter and spring and male to female ratio was 1.3:1 
[20]. Liu Jing Yi et al [21] demonstrated an 
increased varicella outbreaks in Xuhui district of 
Shanghai with a prevalence in primary and high 
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school. A total of 177 varicella outbreaks were 
reported from 2006 to 2010 with an increasing rate 
yearly. Most of the cases were diagnosed from April 
to June and from October to December. The ratio of 
1.27:1. Another study on 
coverage and protective effects 
vaccination among the students in Xuhui district of 
Shanghai during the 2010-2011 school-year showed 
that immunization rate of varicella vaccine was 
78.35% and the prevalence of varicella was 13.07% 
[22]. Qian Xiao-hua et al. reported an outbreak in 
Hongkou district of Shanghai from October 2011 to 
January 2012 in which a total of 36 cases of varicella 


male to female was 
of varicella 


was observed among which 95.48% cases were 
previously vaccinated with single dose varicella 
vaccine. The ratio of male to female was 1.1:1. The 
study recommended that second dose of varicella 
vaccine might prevent the outbreak of varicella [23]. 


The purpose of this study is to analyze that the 
incidence of transmission of varicella is higher 
among individuals with contact with varicella 
patients compared to the individuals with contact 
with herpes zoster patients and to document the 
impact of a vaccination on declining the transmission 
of varicella from VZV infected individuals. 


Materials and Methods 


A face-to-face telephone 
questionnaire survey on 994 clinically diagnosed 


and interview -based 
varicella cases, who visited out-patient department 
from 1 January 2011 to 31 July 2014, was conducted. 
Varicella was defined as an acute illness with 
generalized papulovesicular rashes without other 
known cause. Cases were considered as breakthrough 
varicella if they developed varicella within 42 days or 
more after the vaccination with a shorter duration of 
illness, fewer constitutional symptoms, and less than 
50 skin lesions. The subjects were categorized on the 
basis of history of exposure to herpes zoster and 
Cases defined as 
vaccinated if they had documented proof (e.g. 


varicella individuals. were 
immunization record) of previous vaccination with 
either single or double doses of varicella vaccine and 
as the unvaccinated groups which included all those 


who were never been vaccinated for varicella. Study 
was not based on age since the vaccinated individuals 
were children of 1 to 15 years old and unvaccinated 
individuals were children, adolescents, and adults 
(16-50 years). The time since licensure of varicella 
vaccination (1998 in China) accredited to the 
discrepancy of age among participants. All of them 
about vaccination status and 
duration between time of vaccination and time of 


were interviewed 


onset of varicella. A detailed questionnaire was 
carried about whether or not they were exposed to 
patients with herpes zoster and/or varicella. 
Information on severity of the disease was collected, 
which included the onset of skin lesions, types of 
skin lesion, duration of illness and whether or not it 
was associated with fever and/or other symptoms. 
The age and vaccination status of the herpes zoster 
and varicella patients who transmitted varicella in 
healthy individuals were not known. Data were 
analyzed using SPSS 8.1 software. Chi-square test 
was used to compare the risk of varicella in healthy 
individuals based on history of exposure and its 
relation to varicella vaccination. 


Results 


A total of 994 varicella patients participated in 
surveillance conducted from January 2011 to July 
2014. Out of 994, history of contact was unknown in 
67 individuals and thus were excluded. Among 927 
individuals, 264 (28.48%) had history of exposure to 
individuals infected with herpes zoster and 663 
(71.52%) had history of exposure to individuals 
A total of 126 (13.6%) 
received vaccination against 


infected with varicella. 
individuals had 
varicella-zoster virus while the remaining 801 (86.4%) 
were unvaccinated. A total of 61 of 126 vaccinated 
cases and 203 of 801 unvaccinated cases had history 
exposure to herpes zoster infected individuals. On the 
other hand, numbers of vaccinated and unvaccinated 
individuals with exposure history of varicella were 65 
and 598 respectively. In total of 801 unvaccinated 
remarkable difference in 
varicella-zoster 


cases, there 


transmission of 


was 
virus from 
individuals with herpes zoster (203) and varicella 
(598). While vaccination helped in decreasing this 


113 


difference (61 herpes zoster cases and 65 varicella 
cases). Among total of 126 vaccinated cases, almost 
equal numbers of patients had history of contact with 
varicella (65 cases) and herpes zoster (61 cases). 
Varicella in vaccinated person was mild in type with 
fewer skin lesions (less than 50), lasting for few days 
without or with a low-grade fever, and few other 
symptoms. A greater proportion of unvaccinated 
individuals with exposure to varicella was associated 


with VZV transmission (598) compared with the 
proportion of vaccinated individuals with exposure to 
varicella (65) (p<0.001). There was decline in age of 
the highest incidence rate which was 7-8 years-group 
in 2011 and 0-2 age-group in 2014 with seasonal 
peaks of varicella during January, April and May. 
The peak incidence among adults was found in 22-27 
years age-group with overall sex ratio was 1.1:1 (484 
males and 443 females) (Figure 1). 


Figure 1: Outcome of a retrospective study of varicella patients at a government hospital in Shanghai during January 


2011 to July 2014 


Total number of varicella 


patients participated (994) 


67 patients were excluded due 
to unknown history of exposure 


Number of patients with history 
of exposure to Herpes zoster 
individuals 264 (28.48%) 


Vaccinated individuals Unvaccinated individuals 


61 (6.58%) 203 (21.9%) 


Discussion 


Both herpes zoster and varicella patients transmit 
varicella-zoster viruses to healthy individuals causing 
varicella infection. During one-dose varicella vaccine 
era, the risk of transmission of varicella from 
individuals with varicella and HZ were 90% and 10% 
respectively [24]. As increased two-dose varicella 
vaccine coverage continues to result in waning of 
varicella cases, HZ cases occupy a greater proportion 
In this study, the 
proportion of varicella cases associated with varicella 
and those associated with HZ were 71.52% and 
28.48% respectively. Compared to previous study, 


of risk factors of varicella. 


the decline in disease circulation from varicella and 
incline in that from HZ could be due to two-dose 
varicella vaccine coverage. 


We examined the relationship between varicella 
Risk of 
varicella infection is higher in non-immunized 


vaccination status and risk of varicella. 





Number of patients with history 
of exposure to varicella 


individuals 663 (71.52%) 


Vaccinated individuals Unvaccinated individuals 


65 (7%) 598 (64.52%) 


individuals in contact with varicella patients than 
those in contact with herpes zoster patients. In 
unvaccinated group, number of varicella cases due to 
contact with varicella patients (598, 64.52%) was 
about 3 folds compared to contact with herpes zoster 
patients (203, 21.9%). Exposure to HZ or varicella 
cases resulted in similar proportions of varicella cases 
(6.58% and 7%, respectively) in immunized 
individuals. In 2012, Viner et al. found similar 
proportions of varicella cases had past exposure to 
HZ or varicella in his study on transmission of 
varicella zoster virus from individuals with herpes 
zoster or varicella in school and day care settings [24]. 
Although children and young adults are the targets of 
natural and breakthrough varicella, transmission of 
varicella is common among adults who are mostly in 
close contact with the infected person as parents or as 
healthcare providers. In this study, fifty six percent of 
total cases i.e. 519 cases belonged to 21-35 years age- 
group with peaking of varicella in 22-27 years age- 
group. According to CDC (Centers for Disease 
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Control and Prevention) report, as high as 90% of 
susceptible individuals in household contacts of 
persons with varicella are at risk of varicella 
transmission [25]. This study reported a seasonal 
fluctuation in varicella transmission with the highest 
incidence occurring in January, April and May. Male- 
to-female ratio was 1.1:1 and that was consistent with 
the sex ratios of previous studies [20, 21, 23]. 
Vaccines are not 100% effective in preventing 
diseases but can prevent from severe diseases. 
Transmission of VZV can occur from either 
vaccinated or unvaccinated individuals with varicella 
and herpes zoster. Vaccinated people can spread as 
well as get to suffer from varicella and/or herpes 
zoster. It is not known how long a vaccinated person 
is protected against varicella [26]. In order to achieve 
and maintain high varicella vaccination coverage 
rates, we strongly recommend enhanced efforts to 
increase the uptake of varicella vaccine. In vaccinated 
individuals, cause of breakthrough was unknown. 
Investigations of breakthrough cases should be 
encouraged to determine whether breakthrough is 
occurring because of failure of vaccine (lower than 
expected vaccine effectiveness) or failure to 
vaccinate (low vaccine coverage rates therefore high 
susceptibility). The transmission rate in breakthrough 
cases with less than 50 skin lesions has been found to 
be remarkably low compared with the unvaccinated 
cases [16]. Both HZ and varicella were found to be 
equally infectious to transmit VZV to immunized 
individuals. Varicella was found to infect larger 
proportion of non-immunized group compared with 
HZ. The reasons of higher risk of transmission from 
varicella infected individuals are summarized below: 


1) Transmitting group: 
a) High infectivity of varicella and 


b) The age group that is commonly infected with 
varicella- varicella is common among children which 
are the age-group that needs more care and attention 
than any other age-groups therefore more people in 
contacts are at risk to varicella. 


2) Exposed group: 


a) Vaccinated status- vaccinated individuals might 
have received single dose that is less protective than 
double dose vaccination; and a large number of 
this surveillance) was 


participants (enrolled in 


unvaccinated. 


b) Adult age group — immunity gradually declines 
with age; and this age-group individuals, particularly 
16-35 years, are more exposed to the infected persons 
as parents, healthcare providers and kindergarten 
staffs thus are more prone to infection. 


Vaccinated individual can develop infection with the 
vaccine-strain varicella-zoster virus and can spread it 
to others. However, this happens very rarely. Age- 
related decline in cell-mediated immunity against 
VZV can be considered as an important risk factor in 
unimmunized population. Vaccination plays an 
important role in reduction of the risk for varicella 
infection during early childhood and the risk for HZ 
occurring later in life. Vaccination helps in reduction 
of wild-type VZV infection among vaccinated 
recipients and, through herd immunity, unvaccinated 
recipients [27]. However, VZV infection resulting 
from reactivation of vaccine-strain VZV has been 
increasing with the increase in vaccine coverage and 
circulation of wild-type VZV is decreasing gradually 
[28]. In contrast to vaccination of immunocompetent 
subjects, vaccination of immunocompromised 
subjects can result in risk of VZV transmission as 
they are more likely to have infection with vaccine 
strain VZV and to spread it to subsequent contacts. 
Some specific groups such as VZV-infected 
healthcare personnel and kindergarten staffs, due to 
higher exposure, can appear as risk for varicella 
transmission to comparatively larger groups of 
individuals including immunodeficient groups such 
as transplant recipients, HIV-positive individuals and 
children. Various studies reported the potential risk 
factors for varicella vaccine failure and disease that 
has impact on vaccine effectiveness among 
vaccinated persons. These include asthma, eczema, 
earlier age at vaccination, longer time since 
vaccination, receipt of varicella vaccine within 28 
days of the measles-mumps-rubella (MMR) vaccine, 


and use of oral steroid proximal to the development 
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of breakthrough varicella. Low coverage of varicella 
vaccination in adolescents and adults, long duration 
after vaccination in children and lack of isolation 
policies contribute to outbreak of varicella [29, 30]. It 
is important to enhance coverage of varicella 
vaccination among adolescents and adults. 


Our study has several limitations. Firstly, the sample 
size was small. Secondly, the study comprised 
clinically diagnosed cases that did not require 
Thirdly, 


laboratory confirmation. discrepancy in 


distribution of varicella among children and adults i.e. 


all infected children up to 15 years were immunized 
and all infected adults (16 years or older) were non- 
immunized. Finally, insufficient information on age 
of vaccination and duration between vaccination and 
onset of varicella in vaccinated group. 


Conclusion 


This that 
exposure to varicella infected individuals appears to 
result in high incidence of varicella infection. 


surveillance provides more evidence 


Varicella incidence due to exposure to HZ infected 
individuals was lower. Immunized individuals were 
found to be equally susceptible to HZ as well as 
varicella. Non-immunized individuals were at 3 folds 
risk of varicella infection transmission from varicella 
infected individuals compared with HZ infected 
individuals. Ongoing monitoring of varicela 
incidence will be critical for understanding the 
transmission of VZV from HZ and varicella infected 
individuals and varicella vaccination program’s 
impact on varicella epidemiology. 


Acknowledgements 

We thank all participating physicians for collection of 
data. Our special thanks are dedicated to the patients 
and their families for their kind cooperation. We are 
grateful to Manish Labh for his helpful assistance in 
the preparation of this manuscript. 


Conflicts of Interest 


The authors declare no conflicts of interest in 
preparing this article. 


References 


[1] Marin M, Guris D, Chaves SS, Schmid S, Seward JF. Prevention 

of varicella: recommendations of the Advisory Committee on 

Immunization Practices (ACIP). MMWR Recomm Rep 

2007;56:1-40. 

2] Gould D. Varicella zoster virus: chickenpox and shingles. Nurs 

Stand 2014;28:52-58; quiz 60. 

3] Dworkin MS, Jennings CE, Roth-Thomas J, Lang JE, Stukenberg 

C, Lumpkin JR. An Outbreak of Varicella among children 

attending preschool and elementary school in Illinois. Clin Infect 

Dis 2002;35:102-104. 

4] Bloch KC, Johnson JG. Varicella zoster virus transmission in the 

vaccine era: unmasking the role of herpes zoster. J Infect Dis 

2012;205:1331-1333. 

5] Suzuki K, Yoshikawa T, Tomitaka A, Matsunaga K, Asano Y. 

Detection of aerosolized varicella-zoster virus DNA in patients 

with localized herpes zoster. J Infect Dis 2004; 189: 1009-1012. 

6] Schmid DS, Jumaan AO. Impact of varicella vaccine on varicella- 

zoster virus dynamics. Clin Microbiol Rev 2010;23 :202-2 17. 

[7] Lopez AS, Burnett-Hartman A, Nambiar R, Ritz L, Owens P, 
Loparev VN, et al. Transmission of a newly characterized strain 
of varicella-zoster virus from a patient with herpes zoster in a 
long-term-care facility, West Virginia, 2004. J Infect Dis 
2008;197:646-653. 

[8] Wallis KA, Hood LJ, Rao K. Herpes zoster: when do patients 
present and who gets antiviral treatment? J Prim Health Care 
2014;6:108-1 13. 

9] Chaves SS, Gargiullo P, Zhang JX, Civen R, Guris D, Mascola L, 
et al. Loss of vaccine-induced immunity to varicella over time. N 
Engl J Med 2007;356:1121-1129. 

[10] Papaloukas O, Giannouli G, Papaevangelou V. Successes and 
challenges in varicella vaccine. Ther Adv Vaccines 2014;2:39- 
55. 

11] Takahashi M, Otsuka T, Okuno Y, Asano Y, YazakiT, Isomura 
S. LIVE VACCINE USED TO PREVENT THE SPREAD OF 
VARICELLA IN CHILDREN IN HOSPITAL. The Lancet 
1974;304:1288-1290. 

12] Goldman GS, King PG. Review of the United States universal 
varicella vaccination program: Herpes zoster incidence rates, 
cost-effectiveness, and vaccine efficacy based primarily on the 
Antelope Valley Varicella Active Surveillance Project data. 
Vaccine 2013;31:1680-1694. 

13] Fu C, Wang M, Liang J, Xu J, Wang C, Bialek S. The 
effectiveness of varicella vaccine in China. Pediatr Infect Dis J 
2010;29:690-693. 

14] Ampofo K, Saiman L, LaRussa P, Steinberg S, Annunziato P, 
Gershon A. Persistence of immunity to live attenuated varicella 
vaccine in healthy adults. Clin Infect Dis 2002;34:774-779. 

15] Arbeter AM, Starr SE, Plotkin SA. Varicella vaccine studies in 
healthy children and adults. Pediatrics 1986;78:748-756. 

[16] Park CS, Kim DS, Kim KH. Varicella outbreak in the patients 
during group therapy: seroprevalence in a healthcare system 
during breakthrough varicella occurrence. Clin Exp Vaccine Res 
2013;2:140-143. 

17] Litt J, Burgess M. Varicella and varicella vaccination. An update. 
Aust Fam Physician. 2003 ;32:5 83-587. 

[18] Yan DU, Feng YU, Zhang LP, Jin BF, Wang Y, Mei KW, et al. 
Epidemiological analysis on breakthrough cases from varicella 
outbreaks in Minhang district of Shanghai. Ch Prev Med 2014. 

19] Wang J, Zhou Z, Jian-Jun AO. Eefficacy of direct network 
reporting of varicella outbreak cases in Zhabei,Shanghai,2005- 
2010. Dis Surv 2012. 

20] Huang J, Min-Gang XU. ANALYSIS ON VARICELLA 
EPIDEMIOLOGY IN ZHABEI DISTRICT FROM 2005-2006. 
Mod Prev Med 2010. 














116 


[21 


[22 


[23 


[24 


[25 





Liu JY, Qiang song WU, ZHOU. Epidemiological characters of 
varicella outbreaks among primary and high schools in Xuhui 
District of Shanghai from 2006 to 2010. Ch J Sch Healt 2012. 
Qiang-Song WU, Liu M, Shen-Sheng LI. Coverage and 
protective effects of varicella vaccination for students in Xuhui 
District of Shanghai. Ch J Sch Healt 2013. 
Qian XH, Tan SR, Yang YJ, Wei XU, Zhang G, Zhao GM. 
Reason for outbreak of varicella in population after immunization 
with a single dose of varicella vaccine. Ch J Biolog 
2012;25:1527-1515. 
Viner K, Perella D, Lopez A, Bialek S, Newbern C, Pierre R, et 
al. Transmission of varicella zoster virus from individuals with 
herpes zoster or varicella in school and day care settings. J Infect 
Dis 2012;205:1336-1341. 
CDC, Varicella Chapter of Pinkbook: Epidemiology and 
Prevention of Vaccine-Preventable Diseases, 13th edition, 2015 


[26] Abendroth A, Arvin A. Varicella-zoster virus immune evasion. 

Immunol Rev 1999;168:143-156. 

[27] Arinaminpathy N, Lavine JS, Grenfell BT. Self-boosting 
vaccines and their implications for herd immunity. Proc Natl 
Acad Sci U S A 2012;109:20154-20159. 

28]T seng HF, Smith N, Marcy SM, Sy LS, Jacobsen SJ. Incidence of 
herpes zoster among children vaccinated with varicella vaccine in 
a prepaid health care plan in the United States, 2002-2008. 
Pediatr Infect Dis J 2009;28: 1069-1072. 

[29] Seward JF, Marin M, Vazquez M. Varicella vaccine effectiveness 

in the US vaccination program: a review. J Infect Dis. 2008;197 

Supp! 2:S82-89. 

[30] Miron D, Lavi I, Kitov R, Hendler A. Vaccine effectiveness and 

severity of varicella among previously vaccinated children during 

outbreaks in day-care centers with low vaccination coverage. 

Pediatr Infect Dis J 2005;24:233 -236. 





117 


